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To investigate the effect of altered mechanical environments on anisotropic bone nano-organization, through 
evaluation of the degree of BAp c-axis orientation along the long bone axis in this study, unloading induced 
by sciatic neurectomy (SN) on rat femur and rat ulna axial compressive loading were used in this study. Results 
revealed that bone can adapt reduced or increased mechanical stimulation through the alteration of its material 
parameters (preferential BAp/collagen orientation) as well as structural parameter. 
In chapter 1, background, motivation and objectives were introduced. 
In chapter 2, the effects of unloading on the anisotropic bone nano-organization on growing rat femur 
were studied. In unloaded bone, bone area decreased significantly and the new bone mainly formed in the inner 
surface. Furthermore, bone adaptive response to unloading condition through the alteration of anisotropy in 
micro-organization was first demonstrated. Unloading-induced loss of anisotropic stress field significantly 
degraded the BAp c-axis and collagen orientation along the femur long axis, which represents that the femur 
somewhat lost anisotropic micro-organization and the relating anisotropic material property that is an 
important contributory element of whole bone strength and fracture risk. In addition, osteocytes as 
mechanosensor changed its morphology as round lacunae with isotropically radiating canaliculi under unloading 
condition indicating the importance of osteocyte lacunar-canalicular architecture for the BAp orientation.
In chapter 3, the effects of short time loading on anisotropic bone nano-organization were studied. 
The results showed that even in immature bone induced by artificial loading, the preferential orientation 
of the BAp c-axis along the ulnar long axis was found, although it did not reach the levels found in pre-existing 
cortical bone, indicating the newly formed bone could be a source of well-functioning bone with highly oriented 
BAp. Additionally, in the new bone which formed under loading condition, osteocytes as mechanosensor appeared 
to align themselves parallel to the principal loading direction, which reflected the preferential orientation 
of collagen and BAp c-axis, in response to mechanical loading, indicates that osteocytes can be regarded as 
an important factor in regulating bone microstructure. 
In chapter 4, the effects of load magnitude on anisotropic bone nano-organization were studied. The 
cortical bone area of loaded bone increased with load magnitude. The BMD of newly formed bone in loaded group 
was significantly higher than that in normal group, but load magnitude had no significant effects on BMD. 
In addition, a dose-response relation between BAp c-axis orientation and load magnitude was found under loading 
with peak loads of 5-13 N, however, due to microdamage induced by overloading, BAp c-axis orientation in 15 
N group decreased greatly compared with that of normal group. The minimum effective strain was 1293 ± 162 
μɛ  (5 N) and the maximum strain was 3055 ± 114 μɛ  (13 N). Besides, bone mechanical properties were 
significantly correlated with degree of BAp c-axis orientation, indicating BAp c-axis orientation was a 
promising index for determining and predicting bone mechanical properties. 
In chapter 5, the effects of load cycles per day on anisotropic bone nano-organization were studied. 
The results showed that the number of load cycles has a great effect on the anisotropy in collagen and BAp 
micro-organization which ultimately determines bone mechanical properties. This effect may involve the change 
in fluid velocity which directly influenced the osteocytes sensitivity to mechanical stimulation and 
cycles-related microcracks which induce osteocyte apoptosis.  
In chapter 6, the time course of change in BAp c-axis orientation was elucidated. During the early 
stage of new bone formation, the new bone induced by artificial loading was immature, showing relatively lower 
BAp c-axis orientation, then increased with time, finally higher significantly than that in normal ulnae.
In chapter 7, the main results of this study were summarized and significance was described. 
 

